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Abstract. The Wide Field X-ray Telescope (WFXT) is a proposed mission with a high 
survey speed, due to the combination of large field of view (FOV) and effective area, i.e. 
grasp, and sharp PSF across the whole FOV. These characteristics make it suitable to detect 
a large number of variable and transient X-ray sources during its operating lifetime. Here 
we present estimates of the WFXT capabilities in the time domain, allowing to study the 
variability of thousands of AGNs with significant detail, as well as to constrain the rates 
and properties of hundreds of distant, faint and/or rare objects such as XRF/faint GRBs, 
Tidal Disruption Events, ULXs, Type-I bursts etc. The planned WFXT extragalactic surveys 
will thus allow to trace variable and transient X-ray populations over large cosmological 
volumes. 

Key words. Galaxies: active - X-rays: bursts - Gamma-ray burst: general - supernovae: 
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1. Introduction 

The ability to conduct timing studies has al- 
ways characterized X-ray astronomy, but so 
far, due to the limited sensitivity and field- 
of-view (FOV) of the instruments on board 
of X-ray satellited, studies were concentrated 
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on individual and relatively nearby and bright 
sources. 

The Wide Field X-ray Telescope (WFXT) 
is a proposed X-ray mission characterized by 
a wide field (1 square degree), a large effec- 
tive area (lm 2 @ 1 keV) and a costant PSF 
across the entire FOV (goal design, see Rosati 
et al. in this volume). While not designed to 
be a monitoring mission, its capabilities and 
the proposed observing strategy, make it suit- 
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able to conduct timing studies for an unprece- 
dented number of moderate and high redshift 
AGNs, as well as to discover and constrain 
rates and properties of distant, faint and rare 
X-ray populations such as X-ray Flashes/faint 
GRBs, Tidal Disruption Events, ULXs, Type-I 
bursts etc. 

In this work we present estimates of the 
WFXT monitoring capabilities for AGNs and 
other variable/transient sources, that can be 
detected in the 3 main extragalactic surveys 
planned for the mission. In this respect the 
work presented here represents the minimum 
achievements expected by WFXT in the time 
domain, since more specific and/or dedicated 
studies (e.g. galactic surveys, nearby galax- 
ies monitoring etc.) will certainly increase the 
WFXT impact in the field. 

2. Monitoring SMBH accretion with 
WFXT 

Monitoring campaigns on nearby galaxies have 
shown that intense variability on all timescales, 
from hours to years, is a common prop- 
erty of all AGNs. This variability increases 
with energy, and is very intense in the X-ray 
regime, in close resemblance with the one ob- 
serv ed in galactic ac creting Black Holes (BH) 
(see lMcHardvll2010i for a comprehensive re- 
view). Long observations, as those required to 
conduct deep surveys (Chandra Deep Fields, 
Lockmann Hole), allowed to study variability 
also in higher redshift sources, confirming that 
variability is common to all AGNs over cos- 
mological volumes, and that it reflects the de- 
tails of the accretion process and the proper- 
ties of the system (mass , accretion rate, ob- 
scura tion) (lAlmaini et al. 2000; Paolill o et al.1 
120041) . X-ray variability can thus be used as 
a tool to trace the accr etion history of SMBH 
across cosmic time ([Papadakis et al.l l2008t 
lAllevato et al.l [2009b . Such attempts however 
have been hampered by the random sampling 
pattern and small number of sources accessible 
with the present generation of X-ray satellites. 

The study of AGN populations is one of 
the primary objectives of the WFXT missions. 
In its first 5 years WFXT will conduct 3 ex- 
tragalactic surveys that are predicted to detect 



an unprecedented number of AGNs (> 10 7 , 
see Gilli et al. and Matt & Bianchi contribu- 
tions in this volume). While a large number 
of these sources will be close to the detec- 
tion limit, the WFXT grasp (Rosati et al., this 
volume) ensures that a considerable fraction 
will be detected with several thousand photons, 
thus allowing to perform variability studies on 
the temporal baselines sampled by the different 
surveys. 



2.1. Predicting the number of variable 
AGNs 

In order to evaluate the WFXT monitoring 
capabilities for AGNs, we initially assumed 
that each field in the 3 planned surveys will 
be observed continuously. While this is fea- 
sible for the Wide and Medium survey due 
to its short exposure time per field (2 ks 
and 13 ks), it is unrealistic for the Deep 
survey due to the long exposure times (400 
ks) and the visibility constraints for a low- 
orbit mission; we will discuss how to relax 
these constraints in 12.21 To simulate the in- 
trinsic AGN variability we adopted a tem- 
plate X-ray Power Density Spectrum (PDS) 
observed in nearby AGNs (e.g. NGC 4051) 
displaying the characteristic powe r-law shape 
with a high-frequency break (e.g. lUttlev etall 
2002). We further required at least 10 bins 
of equal duration in the X-ray lightcurve, and 
that the average signal-to-noise ratio (S/N) per 
bin in the satellite band, due to the intrin- 
sic variability, is larger than a fixed thresh- 
old (S/N = 3 in Figure [T])- Note that these 
requirements are much more stringent than a 
simple variability detection, allowing to de- 
rive constraints on the underlying physical pro- 
cesses. We adopted the background estimates 
of Tozzi et al. (this volume) which include par- 
ticle contribution, galactic ISM and unresolved 
AGNs/galaxy clusters. The expected number 
of variable AGNs was finally derived from 
AGN number count s (jHasineer et alJ Il995t 
iGiacconi et aD 120021: iLuo et al] 120081) . after 
converting the S/N limit into a flux limit, and 
multiplying for the total angular coverage of 
each survey (20000, 3000 and 100 sq.deg. for 
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Fig. 1. AGN variability estimates for the WFXT extragalactic surveys as a function of the sampled 
timescale: Top panels) Number of sources for which variability is detected with the required S/N (left) 
and average rms variability detected at every timescale (right); Bottom panels) Flux limit for variability de- 
tection within the assumed S/N threshold (left) and corresponding total counts (right). The vertical dashed 
lines represent the duration limit of each survey, assuming continuous monitoring. 



the Wide, Medium and Deep survey respec- 
tively). 

The results of the simulations are shown in 
Figure Q] As the sampled timescale increases, 
the flux and count limits for a sound vari- 
ability detection decrease, due to a combina- 
tion of longer integration time and a larger in- 
trinsic rms variability produced by the power- 
law behavior of the AGN PDS. The three sur- 
veys will reach limiting (variability) sensitiv- 
ities, for S/N > 3, of ~ 2 x 1(T 12 , 1 x 
1(T 13 and 5 x 1(T 15 erg/s for the Wide, Medium 
and Deep survey respectively in the 0.5-2 keV 
band. With several thousand of counts in each 
source this sample largely overlaps with the 



one suited for spectroscopic studies (Gilli et 
al., this volume), allowing a detailed charac- 
terization of these AGNs. The predicted rms 
range between 10% and 25%, in good agree- 
ment with the values rep orted for deep extra - 
galactic surveys (see e.g. iPaolillo et al.l !2004). 
While the Wide survey covers a much larger 
sky area, the longer integration will favour the 
Medium and Deep surveys, both in terms of ac- 
cessible flux range and variability timescales. 

These results are summarized in Figure |2 
where we present the WFXT performance in 
terms of the number of AGNs with variabil- 
ity detected at the > 3<x level, over the whole 
lightcurve. In this respect the WFXT capabil- 
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S/N vor. 




Fig. 2. Number of AGNs for which WFXT is ex- 
pected to detect variability with S/N > 3, in each 
of the 3 planned extragalactic surveys. For compar- 
ison we show an estimate of the number of AGNs 
that will be detected by the EXIST mission, during 
the 2 years surve y phase, with > 10 data points, as 
extrapolated from Del ia Ceca et al.l d2009h . 



ities appear comparable to other planned mis- 
sions with a more stringent monitoring charac- 
ter: for instance the wide field EXIST mission 
(lGrindlavl F2007) will also monitor thousands 
of AGNs but, due to the different energy band, 
spatial resolution, sensitivity and sampling pat- 
tern, will offer a complementary view of more 
nearby AGNs (Deli a Ceca eTatll2009t) . 



2.2. Constraining the observing strategy 

The study of X-ray variability in nearby AGNs 
has shown that the AGN PDS depends most 
likely on the mass of and acc retion rate onto 
the c entral supermassive BH dMcHardv et alJ 
2006). The expectations based on the template 
PDS spectrum used in jj2.1l mav not be realis- 
tic when we assume a wide range of masses 
and accretion rates: for more massive/lower 
accreting sources the expected variability will 
be lower than assumed so far. On the other 
hand the continuous monitoring hypothesis 
must also be relaxed, thus compensating the 
reduced variability with longer temporal base- 



lines. To investigate the impact that a sparse 
sampling pattern may have on the final vari- 
ability measurements, we performed a set of 
Monte Carlo simulations of AGNs lightcurves 
in order to quantify the bias of the variability 
estim ator. To this end we mo dified the orig- 
inal [jimmer & Koenigl (Q995) algorithm that 
generates red-noise data with a power-law den- 
sity spectrum, to reproduce the sampling pat- 
tern, background and sensitivities expected by 
WFXT. Figure [3] (left panel) presents an exam- 
ple of a possible observing scheme for a sin- 
gle field in the Deep survey, where observa- 
tions of 50 ks each are spread evenly over ~ 6 
months. Such scheme would allow to derive 
AGNs lightcurves with gaps of a few weeks, 
thus sampling both high and low frequencies 
in the PDS. Additionally such pattern could 
be useful to discover and trace transients with 
long decay timescales such as Tidal Disruption 
Events which are believed to be due to stellar 
disruptions near quiescent SMBH (see §0. In 
Figure[3](right panel) we show the excess vari- 
ance (i.e. the fractional variability) distribution 
for 5000 simulations of the sparsely sampled 
lightcurve compared to the input value. The re- 
trieved mean excess variance agrees well with 
the input value, while the uncertainty on the 
single measurements is of the order of 20%. 
The large AGN samples provided by WFXT 
will allow to further reduce the statistical un- 
certainties on each of the studied subsamples. 
Finally this observing pattern will allow to ex- 
tend the sampled frequency range, thus making 
the observation suitable to study the bulk of the 
AGN population down to low accretion/higher 
mass SMBHs. 



3. Transient and variable sources 

Other than AGNs, a large variety of variable 
and transient sources can be predicted to be 
observed by WFXT during its operating life- 
time. To provide some quantitative estimates 
of the WFXT capabilities in this field, we took 
into consideration a few of the most likely vari- 
able objects that will be observed during the 
WFXT main surveys: Tidal Disruption Events 
(TDEs), Low Luminosity GRBs/X-ray flashes 
(LL-GRB, XRF), Super Soft Sources (SSS), 
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Fig. 3. Left: One example of a simulated WFXT AGN lig htcurve for the Deep survey, reproducing flux 
and variability of one of the CDFS sources (All evato et al.ll200^) . sampled in 50 ks observations spread 
uniformly over ~ 6 months. Right: The excess variance distribution of 5000 simulated lightcurves, such as 
the one shown in the left panel, compared to the input value (vertical line) fixed at 0.04, i.e. 20% rms. This 
observing strategy will be able to retrieve the intrinsic variance with a l<x uncertainty of 21%. 



Ultraluminous X-ray binaries (ULX), Type I 
bursts etc. 

TDE: are believed to occur when a star is dis- 
rupted in the proximity of a quiescent SMBH, 
fueling the BH and revealing itself through the 
UV and X-ray emission due to the gravitational 
energy release of the accreted material. TDE 
are one of the few means to detect quiescent 
SMBH in distant galaxies. So far however only 
a handful of ev ents have been ser endipitously 
observed (e.g. iGezari et al.l |2009). The large 
area covered by WFXT will make the detection 
of such events very likely, especially since their 
emission is expected to peak in the FUV/soft 
X-ray bands. 

LL-GRBs/XRF: X-ray bursts have been de- 
tected in coincidence with SN explosions 
and/or GRBs. The fenomenology of such 
events is still poorly understood and both pre- 
cursor type and rates are very debated in the 
literature, due to the small number of serendip- 
itous detections observed so far. In this work 
we took into consideration two possible types 
of X-ray transients associated with SN events: 
XRF and LL-GRBs. The first class has its tem- 
plate in XRF 080109 observed by the Swift 
satellite without an associated GRB, and its 
origin can be d ue to the breakout of either 
the SN shock dSoderberg et all 120081) or a 
mildly relativistic jet (iMazzali et alJl2008l) . On 
the other end LL-GRB, such as GRB 060218 



(Cam pana et alJl2b06l) . could represent the X- 
ray counterpart of many associated GRB-SNe. 
The number of future detections (see Table [TJ 
depends on both the i ntrinsic SN rates (e.g. 
Cappellaro et al. 1999) and the opening an- 
gle of the associated jet dGuetta & Delia Valla 
120071) . 

SSS: Supersoft sources are X-ray emitters de- 
tected at energies below 1 keV, with X-ray lu- 
minosities of 10 36 ^ 38 erg s _1 , and characterized 
by blackbody-lik e spectra with temperatures 
of 15 - 80 keV dKahabka & van den Heuvel 
2006). Believed to be mostly hydrogen- 
burning white dwarfs, they are found both in 
early and late-type galaxies. SSS have complex 
time variability which is irregular over hours to 
years. 

ULX: Ultraluminous X-ray binaries are vari- 
ble accreting systems whth luminosities > 10 39 
erg/s, i.e. larger than the Eddington luminos- 
ity for a neutron star or 5M Q BH, which dis- 
play both long-term (days-months) variability 
and X-ray flares on timescales of hours. They 
tend to be associated to star forming regions, 
and proposed as candid ates for interm ediate 
(> 1OOM ) mass BHs (lFabbianoll2006l) . The 
interest in such objects is due to the difficulties 
in explaining their formation in standard star- 
formation scenarios. 

Type I bursts: these are accreting neutron stars 
(NS) in low-mass X-ray binaries (LMXB) dis- 
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Fig. 4. Number of transient/variable sources expected in the WFXT extragalactic surveys. Recurring 
bursters are reported as hatched bars. For comparison we s how the expected num bers within 200 Mpc 
from the EXIST mission over a comparable mission lifetime ( Soderberg et al. 2009I). 



playing rapid (tens to hundreds of seconds) 
bursts with X-ray intensity many times brighter 
than the persistent level. The burst X-ray spec- 
trum is generally consistent with a blackbody 
with color temperature of 2-3 keV, reaching 
X-ray luminosities up to 10 38 ergs _1 . These 
events are caused by unst able nuclear b urning 
on the surface of the NS dGallowavll2008l) . The 
X-ray bursts are often recurrent on timescales 
from 30min to a few hours. 
Other: many more types of rare and/or faint 
variable and transient sources are not discussed 
here in detail. For instance a breakout X-ray 
flash is predicted in SNIa events, while flares 
due to tidal compression (TCE) in stars ac- 
creted by a SMBH could mark the onset of 
the disruption process, triggering prompt fol- 
lowups. We included these in our simulations 
in order to cover the plausible parameter space, 
and highlight the WFXT capabilities as a func- 
tion of the properties of the transient event. 



We simulated the WFXT performance for 
variable and transient sources, other than 
AGNs, assuming a simplified burst model 
where a source of luminosity L q ^' eSL in the 
pre-burst phase, undergoes a burst of constant 
luminosity L*" rsf for a duration equal to the 
characteristic timescale of the actual X-ray 
lightcurve. We computed the number of ex- 
pected detections, requiring that a source is de- 
tected with S /N > 5 and that its variable na- 
ture is ascertained with significance S /N > 3 
with respect to the pre-burst phase, i.e. the 
burst starts during the observation. This sim- 
plified scheme allowed us to derive detection 
rates without the need of a specific knowl- 
edge of the characteristic of each source; ob- 
viously a more sophisticated approach is desir- 
able and shall be implemented for each source 
separately in the future. The number of objects 
is calculated integrating over the cosmological 
volume accessible by WFXT for each source, 
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Table 1. Number of transients expected in the WFXT extragalactic surveys, along with the physical pa- 
rameters used in the simulations and the calculated distance limits. 



Type 


N. sources 


(10 40 erg/s) 


^quiescent 

(10 40 erg/s) 


characteristic 
timescale (s) 


Rate Dist.limit 

(Mpc~ 3 yr" 1 ) (Mpc, z) 




SNIbc/II 


226 


10 3 


1.0 


500 


io- 3 


2.8 x 


10\ 


0.50 


SNIa 


2.1 x 1(T 5 


10 2 


0.0 


0.01 


io- 2 


3.8, 


0.0009 


LL-GRB 


290 


10 4 


0.0 


10 4 


3 x IO" 5 


3.8 x 


10 4 . 


4.2 


TCE 


0.0062 


10 2 


0.0 


10 


io- 4 


120, 




0.028 


TDE 


77.6 


10 2 


0.0 


5x 10 5 


5 x 10~ 5 


1.8 x 


10 4 . 


2.3 


SSS 


1.1 


10"* 


0.0 


5 x 10 5 


30 


18, 




0.004 


ULX 


411 


1 


0.5 


10 5 


0.1 


920, 




0.19 


Type I bursts 


395 


io- 2 


0.0 


100 


30 


3.8, 


0.0009 



given the parameters and constraints discussed 
above, and assuming an average volume den- 
sity for the whole population. We did not ex- 
plicitly include any evolutionary term, which 
is appropriate for most sources that will be ob- 
servable only in the local Universe. 

Figure [4] shows the number of detections 
in all surveys for the different classes dis- 
cussed above: in particular hundred of LL- 
GRBs, XRF, TDE are expected over cosmo- 
logical distances, mainly from the Deep sur- 
vey. Recurrent bursters (ULX, Type I bursts) 
on the other hand will be mainly observable in 
the nearby Universe. For comparison we also 
show the predictions for the EXIST mission 
within 200 Mpc, as reported in lSoderberg et alJ 
(2009), even though it must be kept in mind 
that this mission will be using different energy 
bands and sampling patterns. In Table[TJwe re- 
port the input parameters and the numbers de- 
rived from our simulations. It must be stressed 
however that the properties of most sources 
considered here may span a wide range and/or 
be affected by large uncertainties. The values 
presented in this work are mainly intended to 
highlight the mission capabilities as a function 
of the observational parameters. An online ver- 
sion of the WFXT transient simulator is avail- 
able at http://wfxt.na.infn.it/, allow- 
ing the interested user to test additional type 
of source and/or parameter combinations. 

The number of expected transients in each 
survey varies greatly depending both on the 
involved luminosities, volumetric rates and 
timescales. For instance frequent bursters (e.g. 



type I bursts) are likely to be observed mainly 
in the Wide survey, due to the greater area cov- 
ered and despite the shorter exposure times. 
The interplay between these parameters can 
be observed in Figure [5] where we show the 
number of detections, flux limit and minimum 
counts for TDEs and LLGRBs. The different 
behavior of the two classes is caused by the 
different luminosities and timescales, since the 
volumetric rates are comparable. In particu- 
lar the duration of the burst, compared with 
the survey duration, affects the shape of the 
curves because it reflects our ability to ver- 
ify the source variability, especially close to 
the flux limit. Also note that the WFXT low 
background allows to detect transients down 
to ~ 25 counts, but transients appearing early 
during the survey will end up having several 
thousand counts, thus allowing a good charac- 
terization of the lightcurve and of the spectral 
properties of the event. 

4. Conclusions 

The time domain is rapidly opening up for as- 
tronomical studies, at all wavelengths. For in- 
stance in the near future a number of optical 
facilities, such as Pann-STARR and LSST, will 
allow to monitor the whole sky with unprece- 
dented speed. While not a monitoring mis- 
sions WFXT, with its large effective area, wide 
FOV and stable PSF, promises to offer a com- 
plementary view of the variable high-energy 
Universe. WFXT will allow to study thousand 
of variable AGNs, and hundred of other tran- 
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Fig. 5. Detection number and limiting fluxes and counts (tob, middle and bottom) for TDE (left panels) 
and LL-GRB (right panels) as a function of the sampled timescale. 



sient and variable sources. The study of such 
populations has been mostly limited to the lo- 
cal Universe so far, while WFXT will be able 
to sample cosmologically relevant volumes, 
thus constraining their rates, evolution and the 
underlying physical processes. Finally, recent 
studies suggest that the X-ray band could be 
the optimal energy range to use in order to 
identify triggers and/or counterparts for next 
generation Gravitatio nal Wave and Neutrin o 
experiments (see, e.g. lGuetta & Eic hler 2010); 
WFXT thus would prove extremely valuable in 
validating and characterizing the astronomical 
events detected by these facilities. 
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